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INTRODUCTION

In this paper, we consider a model for t:a~her
inservice that is informed by constructlvlsm.
Initially, we consider the criteria for identifying
conceptual change, briefly examine research on
the roles which teachers engage in when
implementing innovations, and des~ribe ~he
different knowledge bases needed m usmg
teaching approaches informed by constructivist
referents. Secondly, we describe an inservice
programme for science teachers in one high
school, and thirdly show how a five-stage model
to introduce teaching/learning approaches
informed by constructivism was developed.

being centred on an objectivist to a
constructivist orientation.
Considerations for Conceptual Change

When considering a new conception, the
teacher/learner needs to decide whether three
. criteria are met (Hewson & Thorley, 1989). Firstly,
the new conception has to be intelligible - the
new concept needs to make sense to the learner.
Secondly, the new conception has to be plausible
- the difference between this condition and the
first is that for a concept to be plausible the
individual must believe that the concept is
potentially true. Even t~o~gh a~ ~ndivid~al may
believe that a concept IS mtelhglble, thiS
does not mean that the concept is regarded as
Approaches to teaching and learning which are
being true. Plausibility incorporates the '-~'''u,'u,,'U
informed by constructivism focus on the learner's
of a concept being intelligible as well as
conceptual knowledge because in constructing
possibility of truth. Thirdly, the new rnlnrf·nt·inn
knowledge each learner's conceptual framework
has.to be fruitful - to accept a new concept,
will change. A model of conceptual change
concept needs to be useful to the individual in,
developed by Posner, Strike, Hewson and Gerzog
example, solving problems that were
(1982) has received wide currency in science
previously solvable, or helping provide new
education
circles
and
has
"accepted
of examining a situation. The number of I-/U:,.,lIJ1.,
constructivism as a powerful perspective for
ways to view a concept as fruitful
on
understanding, interpreting and influencing
individual's conceptual
and
student learning in science and other disciplines"
relevance of the new concept to that
(Hewson & Thorley, 1989, p. 541). Hewson and
A conception becomes a source of
Hewson (1988) proposed the conceptual change
to the learner when it loses plausibility
model to examine the processes and conditions
fruitfulness or both, that is, an individual
whereby students of science construct scientific
lose faith in the ability of existing rnr1rpntilnn~
concepts. The model also has been used in
solve some problems before initiating a
teacher education. For example, Baird and
new concepts (Hews on & Thorley,
Mitchell (1986) used the conceptual change model
Dissatisfaction lowers
the
individ
to explain teacher change resulting from an
commitment
to
the
existing
concept
and may
extended inservice programme to promote
considered as a precondition and
effective learning in the classroom, and Gunstone
criteria for conceptual change to occur.
and Northfield (1988, p. 1) adapted the model for
describing
teacher
change
because
Gunstone and Northfield (1988) added a
"constructivism and conceptual change need to be
criterion of feasibility for conceptual change
considered in the same way for students, teachers
considering teacher inservice activities.
and researchers." Tobin (1993) has suggested that,
concept becomes feasible when indivi~uals.
in the process of encouraging changes in teaching,
greater priority to the new concept raised In
there is a need for a change in the referents that
inservice session than others which are part
teachers use when implementing new
their professional and personal lives.
pedagogical approaches. The referents, which act
though a concept may be intelligible,
as organisers of teacher knowledge and take the
and fruitful, conceptual change may not
from of beliefs and images, need to change from
28

unless the individual places greater importance
on the new concept in comparison to the old
concept. Building on the work of Hewson and
Hewson (1992) who define the status of a
individual's conception as being the extent to
Which a new conception meets the three criteria of
intelligibility, plausibility and fruitfulness, we will
include the criteria of feasibility. Hence the status
of a new concept has risen if all four criteria are
.met, but if, for example, the new conception is
by a teacher as being intelligible, plausible
fruitful, but not feasible, then it will be in
conflict with the learner's existing feasible
conceptions and thus have a lower status.
According to this conceptual change model, a
factor of the learning process is the status
··.~,,,fnp1W and old conceptions have for the learner.
five criteria of intelligibility, plausibility,
dissatisfaction, and feasibility were
frame an approach to the inservice
'<PI:Og;ral:l1
informed by constructivism that is
......."'-LLV'.U in this paper. By modelling such an
in an inservice programme with a
of science teachers, we were attempting to
the five criteria for conceptual change
for successful inservice recommended by
and Northfield (1988).
Te:aClling Roles When Implementing
this study, teachers were encouraged to change
conceptions of teaching and learning in
and develop new pedagogical skills
were informed by constructivist referents.
teachers make such changes, Simon (1989) has
\stI'es~;ea that change does not take place all at
and that teachers need to try the new
practice the necessary pedagogical
and discuss the results obtained when
any new approach in the
teacher's apply theoretical knowledge in the
...."'-.,,.'u situation of the classroom, they begin to

an understanding of the relationship that
between the two. However, not all
will achieve a complete level of this
ndE!rsband
Grundy (1987) has suggested, on
of
work of Habermas, that three
or interests are attained in the process of
'-",-uw,)'. an understanding between theoretical
and practice, namely, technical,
and emancipatory. Each of these levels
interests, which are reviewed by Ewert (1991),
:epresents an evolving development within the

teacher and determines the role he/she will adopt
within the classroom. For example, Grundy
defined technical interest as "a fundamental
interest in controlling the environment through
rule-following action based on empirically
grounded laws" (p. 12) which implies controlling
student learning. The basic orientation of the
practical interest is toward understp.nding, where
teacher and students interact in order to make
meaning of the world, and practical interest may
be defined as "a fundamental interest in
understanding the environment through
interaction based on a consensual interpretation
of meaning" (Grundy, 1987, p. 14). Emancipatory
interest is concerned with empowerment, the
ability of individuals or groups to take care of
their own lives in autonomous and responsible
ways, and may be defined as "a fundamental
interest in emancipation and empowerment to
engage in autonomous action arising out of
authentic, critical insights into the social
construction of human society" (p. 19).
Earlier research by Tames and Hall (1981)
suggested that teachers move through seven
stages of concern when involved with inservice
programs which focussed on implementing new
teaching approaches. In their study of the effects
of a two-year inservice programme on the
adoption of approaches to the teaching and
learning of mathematics informed by
constructivism, Simon and Schifter (1987)
identified similar stages of development to Tames
and Hall. They noted three stages: firstly, no
knowledge of or use of constructivist
epistemology, secondly, a mechanical application
of constructivist approaches in which teaching
behaviours are the focus rather than student
learning, and thirdly,-a focus on student learning
rather than teaching behaviours.
However, there are difficulties in directly
comparing the different stages for implementing
innovations proposed by different authors
because not all stages of the different authors
have equivalent steps. For example, Grundy, in
describing Habermas, does not define progress
through the technical level in the same
incremental manner as do Tames and Hall, and
Simon and Schifter. Similarly, Simon and Schifter
do not discuss an empowerment stage, whereas
Grundy and Tames and Hall do. Examination of
these interests or concerns is important because of
the impact that each has in determining the role
adopted by individual teachers in implementing
his/her classroom practice.
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Different Knowledge Bases
To effectively develop the skills for implementing
a teaching/learning approach informed by
constructivism, we believe that teachers need to
distinguish between content knowledge, concept
knowledge and subject matter knowledge. For
example, there is a need for clarity in the way in
which content knowledge is defined and how it is
interpreted by teachers. Wilson, Shulman and
Richert (1987, p.ll3) have stated that
teachers use their content knowledge - their
understanding of the facts or concepts within
a domain - as well as their grasp of the
structure of the subject matter. Teachers must
have knowledge of the substantive structures
- the ways in which the fundamental
principles of the discipline are organised.
This definition of content knowledge is further
reinforced by Smith and Neale.(1989, p.2) who
indicate that teachers' substantive knowledge of
content will include "declarative, procedural and
conceptual understanding" of the subject. The
importance of the organising structure o.f the
discipline, that is, the links between facts, Ideas
and concepts is noted by Prawat (1990, p.30) who
in discussing the difference between traditional
and constructivist teaching approaches suggests
the major difference between the two is that
the traditional approach [views] transfer as a
decontextllaiised process -- one that involves,
quite literally, the separation or lifting of
knowledge from context -- constructivist take
the opposite tack. According to the
constructivist perspective, there is little reason
to distinguish between knowledge and
knowledge-context connections.
This emphasis on exploring the relati?nships
between ideas, facts and concepts provIdes for
total coverage of the content knowledge of the
discipline; however, this coverage does not totally
address the concept of subject matter knowl.edge.
In defining subject matter knowledge WIlsor:'
Shulman & Richert (1987, p.ll8) suggest that It
includes not only the substantive structures ~s
defined for content knowledge but also syntactIc
structures of the discipline which "involve
knowledge of the ways in which the discipline
creates and evaluates new knowledge" .
The examination of teachers' practice within the
classroom does not necessarily support the
breadth of definition for content knowledge put
forward by Wilson, Shulman and Richert(1987).
30

A number of major studies of science classrooms
(Tobin & Gallagher, 1987; Tobin & Espinet, 1989;
Tobin & Fraser, 1989; Tobin, Briscoe & Holman,
1990; Gallagher, 1991) have suggeste~ that
teachers within their classrooms are focussmg on
the rote learning of facts and algorithms, that is,
decontextualised content knowledge. This
conception of content knowledge has a I?uch
narrower definition than put forward by WIlson,
Shulman & Richert (1987) and lacks the focus on
concepts and organising struc~ures they ~el.i:ve
are important. To encompass thIS broad defImtIon
there is a need for teachers to have a greater
understanding and awareness of the conceptual
knowledge of the topic they are teaching (BeImett,
1988). There is a need for teachers to have a clear
conception of what ideas or concepts are central
to the discipline and how they are related to one
another (Prawat, 1989). Conceptual knowledge is
viewed by the authors as being derived from the
relationship between content knowledge and the
context within which the knowledge is
constructed and recognised and has the potential
for illuminating aspects of the physical and social
world that otherwise would go unnoticed or
unappreciated.
In reporting on a series of workshops to address
this area of lack of focus on conceptual
knowledge, Bowden (1988, p.260) stated that tre
teachers involved struggled when asked to go
beyond a description of content areas~ th?t is, they
struggled with the ~oncepts and theIr lm~s. The
teachers in fact reahsed that when focussmg on
teaching concept knowledge "their normal
teaching practices [were] incompatible with the
desired outcomes". To bring the two more closely
together requires change on ~he "teacher's ~art
towards a view of teachmg as changmg
conceptions" (Marton & Ramsden, 1988, p.276).
This in itself will require the adoption of new
pedagogy (Millar & Driver, 1?87) and
pedagogical knowledge. Teachers .wIl! have to
.
develop pedagogical knowledge whIch IS
on the teaching of conceptual knowledge, that IS,
pedagogical
concept
knowledge.
Such
pedagogical knowledge involves the use of
negogiation and group work (Prawat, 1
interpretative discussions (Mit~hell,1987),
wait-time (Tobin, 1987). ThIS
knowledge inconjunction with the .... "''''uf''vF-'.~
content knowledge centred on the
defined content knowledge of teachers,
enable a broaden understanding of lJt:l.lal'~V;t;.~
content knowledge to be constructed
much more reflective of the definition
forward by Shulman (1987).

THE INS ERVICE PROGRAMME FOR
SCIENCE TEACHERS

A group of eight science teachers from a junior
high school (Years 7 -10, students aged 13-16 years
old) in Bendigo, in the State of Victoria, Australia,
agreed to be involved in an extended 18-month
inservice
programme
to
implement
teaching/learning approaches informed by a
constructivist philosophy. Their agreement was
enhanced as a result of the publication by the
Victoria State government of a series of
curriculum framework documents for each
subject taught in the secondary system, in which
teachers were encouraged, and expected, to
practice new teaching and learning strategies in
their classrooms.
The science framework
document (Ministry of Education, 1987) adopted
approaches informed by constructivism as the
major teaching/learning strategies for teachers to
use when implementing the new curriculum.
However, prior to this inservice the group of
teachers had no previous knowledge or
experience with these types of classroom
strategies. The experiences of the teachers ranged
fromS to 30 years, including a range of three to 19
years in the school where the inservice
programme was conducted. Only one of the
teachers had not had a position of responsibility
within the school as, for example, head of the
science department, curriculum coordinator, or
grade level coordinator. Seven teachers had
baccalaureate
science
and
educational
'1l.lcuu .... ations; one was a mathematics teacher
had transferred from the mathematics
det)ar<tm~~nt in the school three years earlier and
now taught science.
The inservice programme, which focused on each
teacher's beliefs about the teaching and learning
science and not on beliefs about science (Hand
1991), consisted of three phases
which a series of semi-structured
, classroom observations and journal
were used to frame the data. The
teach,PTC::' beliefs became the focus of the first
of the inservice, and were continually
throughout phases two and three. In
inservice programme importance
on ensuring that essential features for
y changing teachers' classroom
(Joyce & Showers, 1980; Tobin, 1988)
as modelling of skills, presentation of theory,
I:la!;s!()orn practice and involving teachers in
pedagogical knowledge, were

The first phase, which took place over four
months, involved a series of classroom
observations examining the direction and control
of dialogue for each participating teacher plus the
initial inservice sessions that were influenced by
the observations. In beginning the process of
changing the teachers' referents, we initially
focussed on exploring understandings of good
teaching practices by asking teachers to define
criteria that they used to distinguish good
teaching practices. Using these criteria as a base,
the group was exposed to readings on
constructivism which focussed on classroom
practice (Bodner, 1986; Driver & Oldham, 1986;
Watts & Bentley, 1987). Subsequent discussion
was on the curriculum model proposed by Driver
and Oldham (1986) and in particular on the idea
of exploring students' understandings as
prerequisite for planning and progressing
through a unit of study. The teachers were asked
to spend a session using a free-writing process
adapted from Stewart-Dore (1988) as a means of
determining students' knowledge on a science
unit of the teacher's choosing. This process
involved students writing down their thoughts
about the unit and discussing these within a
group format. The teachers became aware of their
lack of knowledge to address the results of the
exploration of students' understandings and were
encouraged to further consider their own
conceptual knowledge. During this phase of the
inservice, teachers' current- referents were
observed to be inadequate for providing
pedagogical approaches to address the elicited
student responses.
The second phase, which took place over four
months and consisted of two half-days, one fullday and two one-hour sessions, involved the
teachers examining and developing new
pedagogical
skills
for
implementing
teaching/learning approaches using the
constructivist referents. As a result of having
determined students' knowledge, and in many
instances being surprised at the range of
responses, the teachers were prepared to begin
efforts to develop skills for a new teaching
approach.
Some additional readings on
constructivism (Blais, 1988; Driver & Bell, 1986)
were given to the teachers during this phase.
Particular emphasis was placed on teachers'
thoughts as recorded within the journals. Much of
what occurred within the sessions was based on
encouraging and extending the changing
knowledge base of the teachers as recorded by
them.
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The third phase took place over a full school year
of 10 months and consisted of implementing new
science units together with one full-day and one
half-day inservice sessions. During this phase the
teachers were involved in developing and
implementing a complete unit of work lasting
from three to six weeks using teaching/learning
approaches informed by constructivism. Almost
daily contact, via individual and whole group
sessions, was maintained to provide the necessary
support structures for the teachers. Classroom
observations, semi-structured interviews, and
journal recordings were the data collection
procedures used during this phase.

whereas when teachers are in a more techincal
role, even though discussion sessions are held,
restrictions are placed on the free flow of
information because of the teacher's lack of
pedagogical skills in exploring student thinking.
Appropriate questioning skills needed to conduct
interpretative sessions became more fully
developed as teachers develop facilitative skills,
for example, the use of non-value judgemental
responses to students' answers and devil'sadvocate type questions to ensure that students
have to defend the answers they put forward.

DATA COLLECTION PROCEDURES

Lakoff and Johnson (1980) stated that "the essence
of [a] metaphor is understanding and
experiencing one kind of thing in terms of
another" (p. 5). When applied to teaching, the
type of metaphor(s) teachers use to describ: their
role in the classroom can be used as a gUide to
their beliefs about teaching and learning (Tobin,
1990). In listing the applications of metaphors for
examining teachers' roles in the classroom, Tobin
(1990) stated that metaphors can be used to
conceptualise teaching roles and this
conceptualisation can be changed in the process
of changing the role. Further, when a role
reconceptualized, the teacher's beliefs previously
associated with the role can be deemed no longer
applicable to teaching. In .describin.g the
in roles required when USIng teachIng
approaches informed by constructivism, J.VL<IH>1IClU
(1990) suggested that teachers will have
away from a workplace metaphor that inc:lU(1es.
an authority figure who has status and
Thus, as teachers move to adopt
approaches, from previously
pedagogical. content knowledge to
constructed pedagogical concept knowledge,
teaching roles can be detected via the use
metaphors.

Classroom Observations
Observations of classrooms were used to
determine the number and type of interactions
taking place between teacher and students. As
approaches informed by constructivism are
primarily
student-centered,
classroom
observations were focussed on the number of
interactions controlled by the teacher or the
students. Teacher-controlled activities were those
where the teacher was the solE! source of
information, or organised the work to be done
without any input from students, or organised
practical activities based on his/her knowledge
without any attempts to obtain student input.
Conversely, student-controlled activities w~re
those in which students were able to determIne
the direction of discussion, or practical situations
undertaken were designed and implemented by
students in response to questions posed by
themselves. One difference noted as the teachers
moved from technical implementation of the new
teaching approaches to a more facilitative role in
the classroom was that the number of studentcentred interactions increased and the direction
the lesson took was controlled much more by the
students; for example, classroom observations of
two teachers who were adopting faciltiator roles
indicated a decrease of 35% in the number of
activities directly controlled by them, while for a
teacher who was identified as remaining very
technical in implementating the new approaches
the decrease in teacher-controlled activities was
only 20% (Hand & Treagust, 1993).
As a teacher became more facilitative in his or her
role, much more responsibility was given to
students to determine and direct the learning
pathways in order to examine the concepts being
addressed. Discussion sessions became more
frequent and much more student-centered
32

Metaphors

The teachers were asked to record metaphors
their journals on entry to the
programme and on completion of the
taught using constructivist
approaches (Hand & Treagust, 1
teachers initially used metaphors that inciiciltec
they were managers of classrooms. However,
completion of their teaching unit, changes
metaphors indicated that the teachers were
either a technical stage of implementing the
strategies and thus still dependent upon
managers or had become facilitators of
for example, one teacher changed from de:scrlJ:)lI
his teaching as being a ring master
being a sailor on a yacht [into the

(facilitator) where his responsibility was to adjust
the sails for slight changes in the wind. As a
consequence of this latter metaphor, he could
get the maximum power and speed out of the
boat with little effort; however without the
skipper the whole thing turns into a mass of
flapping sails and ropes and gets nowhere. [
Before I may have been beating into a strong
wind - battling the elements and working very
hard.]
Another teacher who initially indicated her'
metaphor was that of a lecturer (manager) who
"passe's out information" changed at the end of
teaching the new unit to a metaphor of social
director (technician), that is , her guiding
metaphor was still centred on an authorative role
within the classroom.
~eml-S{ru(;~UC~U

Interviews

Two different groups were interviewed as part of
the study. Firstly, teachers were interviewed prior
and on completion of the inservice to examine
concerns each had in relation to the adoption
of the new approaches. The interviews were
centred on three questions: How do children
?; What teaching stratgies do you adopt
the classroom?; and Who controls
.:leilrnin~~? Each of the interviews were coded with
"'''''''''',r''~ to these questions and analysised to
if there had been a change in the
COTlcerns raised by the teachers. For example,
most concerns raised were focussed on self,
this was an indication that the teacher was at
technician stage. However, if most concerns
focussed on the students and how the new
nnr"'"r"h can best be implemented, then this was
that the teacher had moved to a
stage. Teachers within the empowerer
would be noted by students being free to
their own interests of subject matter and
encouraged and given opportunities to set
own problems.
second group interviewed were the students
the participating teachers. On completion of
unit that was taught using constructivist
approaches
by
the
rnr'ln<ltm,o teacher, three students were selected
interviewed. Prior to the interview
were asked to completed a simple
lUeStlC)rulalre which asked them to indicate with
if they had enjoyed the approach.
responses formed the basis of the interview
was centred on determining the students'
erc:eptio,n of the teacher's and their own role

within the changed teaching/learning approach,
and who they perceived to be in control of
learning. Each of these interviews was coded in
relation to these criteria and compared with the
class teacher's interview responses. For example,
if the class teacher stated that he/she was
implementing pedagogical skills that were
facilitative yet the students were unable to detect
these skills then there was some indication that
the teacher was not clearly in the teacher-asfacilitator role.
Journals
Each of the teachers plus the first researcher kept
a journal throughout the period of the study. The
journals were used to record notes about the
inservice sessions, planning details, classroom
observations, analysis of the readings and at
various stages of the inservice program to record
a metaphor to describe the teacher's classroom
role. Information from the journals was coded
with respect to the three questions used within
the interviews. Results from each of the data
sources was triangulated (Goetz & LeCompte,
1984; Kraft & Bretrneyer, 1989) to ensure that the
emerging categories were valid and "grounded"
in those data (Spector, 1984). Participating
teachers were provided with results of the
analysis and asked to provided feedback as to the
validity of the emergent categories.
AN INSERVICE MODEL FOR
IMPLEMENTING TEACHING/LEARNING
APPROACHES INFORMED BY
CONSTRUCTIVISM
Throughout
the
inservice
programme,
participating teacherswere given the opportunity
to examine the changes they were making in
adopting and implementing teaching/learning
approaches informed by constructivism.
Teachers
readily
acknowledged
their
development of pedagogical skills enabling them
to determine student understandings, be nonjudgemental in responding to student answers,
and allow more student-centred discussions. As
each of the science units were completed and
implemented using the new approaches, each
teacher signa led the need for a concept-based
curriculum. Recognition was given by them to
the development of a new form of pedagogical
knowledge, that is, pedagogical concept
knowledge, although they did not use this term.
In developing this knowledge, the teachers
accepted that there was a changing role for them
within the classroom. There was a greater
acceptance in handing over more control for
33
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learning to the students, that is, they were
changing from a managerial role to a more
facilitative role. On completion of the inservice
programme the teachers were provided with
opportunities to discuss the inservice model
developed by the researchers. Planned science
faculty meeting time allowed the teachers to
discuss, examine and comment on the model.
The teachers' major focus in these discussions
was on the manager role identified by the
researchers.

AlIstralian JOllmal o/Teacher Edllcation

Stage 1:
practice

Teacher knowledge of classroom

Prior to the inservice, teachers were asked to
describe the teaching strategies they used in the
classroom. Observations of the teachers indicated
that all were working in an information transfer
mode with an emphasis on ensuring that students
were receiving correct scientific content
knowledge. In other words, throughout this stage
all the teachers emphasised control of students
and content knowledge; the role adopted was
managerial as noted by the metaphors the
teachers used to describe their teaching, for
example, a ring master, a coach of a football team,
and a lecturer (Hand & Treagust, 1993).

The inservice model describes stages in the
development
of
teachers'
pedagogical
knowledge, discusses how these stages fit the
criteria needed to promote conceptual change,
and illustrates how these developments in
Stage 2: Teacher identification of students'
knowledge bases and teaching roles can be
knowledge of science
examined as teachers experience the inservice
programme. As the teachers' pedagogical
Teachers were asked to determine
knowledge changed as a result of their
understanding of a particular topic of their
involvement in the inservice programme, we
choosing and the researchers helped them
identified five stages of change as a result of the
appropriate strategies to achieve this task, such
data collected from classroom observations,
the free-writing- process. During this
teacher and researcher journals, questionnaires,
teachers were not asked to change
and semi-structured teacher and student
pedagogical approaches, only to conduct
interviews. These stages are presented in Figure
lesson to examine students' ideas. As a result
1 and illustrate developments of the teachers'
having determined that students' ideas
knowledge bases and roles, and of the five criteria
for conceptual change. The first four stages of this - different from what they had been
be, the teachers began to become dissatisfied
inservice model closely resemble the four phases
described by Driver and Oldham (1986) for a
their pedagogical approaches. As an eXiamole
this dissatisfaction, during a discussion into
constructivist
approach
to
curriculum
process of how to determine essential concepts
development -- documentation of current
be addressed within a teaching unit, the t"'.... h"..c
practice; review of background issues including
asked, after exploring the students' ideas,
the findings of research on children's ideas in the
do we do now?" As the first author noted
selected topic areas; development of revised
journal, this question also was posed by
teaching strategies and programs, and
implementation of the review strategies. At the
individually during interaction during
same time, the inservice model explicitly fits the
visits:
conceptual change criteria of Posner et al. (1982),
It was out of this discussion [on concep
and Hewson and Hewson (1988), and extended
the role change came about. It was
by Gunstone and Northfield (1988). The inservice
surprising to hear that "I don't know
model attempts to fit teaching roles to the
go from here" - even though they
teachers' progression through an inservice
[students'] misconceptions in front of
programme based on teaching and learning
Gary was the only one who was not
approaches using constructivist referents and
by this. He stated that by jumping the
subsequent adoption of such approaches by the
teachers.
to address what the students knew was a
scary, but was the obvious thing to do.

Fig. 1: The five stage inservice program to implement constructivist teaching/learning
approaches and the criteria which have been fulfilled

Stage of
Inservice
and its focus

Teacher's
Knowledge Base
Emphasised

Teacher's Role
Characterised

Stage 1
Teacher's knowledge
of classroom practice

Old Pedagogical
Content Knowledge

Manager

Stage 2
Identification of
students' knowledge

Student
Understandings

Stage 3
Developing
pedagogical concept
knowledge

Conceptual
Focus

Conceptual
Change
Addressed

Dissa tisfaction

New
Pedagogical
Knowledge

Technician

Intelligible
Plausible

Pedagogical concept knowledge
Stage 4
Broadening and
refining pedagogical
content knowledge

Fruitful
Broadened and refined
Pedagogical Content
Knowledge

Facilitator
Feasible

Stage 5
Development of a
constructivist
teaching framework

Pedagogical Subject
Matter Knowledge

Empowerer

Teachers at this stage stage had
pedagogical knowledge of how to plan in
challenge students' ideas and, apart from
they were reluctant to attempt to do so.
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Stage 3: Developing pedagogiCal concept
knowledge

actively reflect upon the fruitfulness and
feasibility of the teaching/learning approaches
being implemented. If the teachers were to
change from their current practices to
teaching/learning approaches informed by
constructivism, they must see the new strategies
as being fruitful and feasible.

Having undertaken the previous task and
completed some of readings on constructivism,
the teachers participated in a series of discussions
to determine the new pedagogical skills, such as
conducting interpretive discussions needed when
implementing teaching/learning approaches
informed by constructivism. Particular emphasis
was placed on the need for the teachers to
combine a conceptual knowledge focus rather
than a content knowledge focus when teaching
science with the new pedagogic skills being
implemented, that is, pedagogical concept
knowledge. The researchers emphasised the need
to provide new knowledge that was both
intelligible and plausible for the teachers to
examine and discuss during this stage. To
encourage teachers to try these new pedagogical
approaches and at the same time reflect on their
old pedagogical knowledge, small and whole
group discussions were held. During the trials
that occurred during this stage, the teachers acted
as technicians (Hand & Treagust, 1991) as they
would only implement the teaching/learning
approaches outlined for them in the inservice
sessions, rather than attempt to explore the effects
of the new approaches. For example, all the
teachers relied on the free-writing process as the
one method to explore student concepts. As all
the teachers were unfamiliar with the new
pedagogical skills learned during this stage, they
were concerned about the need to ensure that
they followed the implementation process,
discussed during the inservice session, as closely
as possible.

As the teachers developed the
pedagogical concept knowledge
classroom implementation, they were able to
judge both the fruitfulness and feasibility of using
these approaches in the classroom. As
consequence, the role of each teacher changed
from that of technician to facilitator, where issues
were explored that directly focussed on
students rather than on the teacher. Initially
teachers' concerns had centred on such issues
syllabus coverage and a consequential focus
time, catering for all students within
classroom and determining essential
be addressed within a unit. On completion of
inservice programme, concerns expressed by
teachers now were centred on practical
(Grundy, 1987) such as changing the
incorporate the new teaching
approaches, re-organising the classroom
allow greater student involvement, and
application in a much wider range of
change was noted as teachers
confidence in implementing the
teaching/learning approaches resulting
students being given more opportunities
become involved in classroom learning DrclCe!;SI
and teachers beginning to experiment with
application of new pedagogical skills (Hand
Treagust, 1991).

Stage 4: Broadening and refining pedagogical
content knowledge

Stage 5: Development of a COltlStrUC
teaching framework

The teachers were allowed time to develop their
own pedagogical concept knowledge. After
trying various new skills, in particular defining
student concepts, and reflecting on approaches to
teaching
and
learning
informed
by
constructivism, all participating teachers were
asked to select a science unit to teach. Each
teacher then was given time to develop and
implement, in consultation with the researchers, a
science unit informed by constructivist
philosophy. Teachers were asked to record in
their journals the planning sessions and
observations made in implementing the
approach, particularly student concepts, the
processes in teaching those concepts, and the
reactions of students to the new approaches.
These journal entries enabled the teachers to

This stage centred on the development
coherent teaching framework informed
constructivism. Teachers were encouraged
examine both their pedagogical
knowledge and their newly acquired pel:1a~(ogIC
concept knowledge to promote a much
and deeper understanding of pedagogical
matter knowledge. The role of teachers
stage becomes that of empowerers in that
allow students to become problem-setters,
problem-solvers, and provide much
opportunity for students to set the direction
topic of work under review. Whilst the
in this inservice programme did not reach
fifth stage in the development of
teaching/learning approaches informed
constructivism, we believe that this stage

natural progression of the inservice model for
teachers.

In using a teaching/learning approach informed
by constructivism to conduct an inservice
programme with a group of science teachers, the
;'..!,ealrchers developed and implemented a model
monitored teachers' understanding of new
beldal~O~(icil1 knowledge and their roles in relation
new teaching approaches. The inservice
is based on the five criteria for conceptual
and on the development of knowledge
and teaching roles as participants
eXDeJ~ieI1Ce the inservice programme; further, the
model is comparable with previous
on stages that teachers undergo in
'lmoJemE!n
innovations. In proposing the
we have illustrated how changes
/learning approaches informed by
~~cf.."rl1,,,;,,,.,., can be observed and described. In
the model has a role in helping
programme
implementers,
and teachers develop an
the processes and consequences of
change in the classroom.

Blais, D. M. (1988). Constructivism: A theoretical
revolution in teaching. Journal of Developmental
Education, 11, (3),2-7.
Bodner, G. M. (1986). Constructivism: A theory of
knowledge. Journal of Chemical Education, 5,24-28.
Bow~en, J. (1988). Achieving change in teaching
practIces. In P. Ramsden (Ed.), Improving learning:
new perspectives. London: Kogan Page.

Carter, K., & Doyle, W. (1987). Teachers'
knowledge structures and comprehension
process;s . .In J. Calderhead (Ed.), Exploring
teachers thmking. London: Cassell Educational
Limited.
Driver, R., & Bell, R (1986). Student's thinking
and the learning of science: a constructivist view.
School Science Review, 67,443-455.
Driver, R. & Oldham, V. (1986). A constructivist
approach to curriculum development in science.
Studies in Science Educatioll, 13, 107-112.
Ewert, G. D. (1991). Habermas and education: a
comprehensive overview of the influence of
Habermas in educational literature. Review of
Educational Research, 61, 345-378.

the teachers' own conceptions of science
Goetz, J. ~., ~ LeCo~pte: M. (1984). Ethnography
not the focus of the study, consequential
and qualitatIVe deSign III educational research.
of members of the group of teachers
Orlando: Academic Press.
their acceptance of the model and
of the five criteria for
Grundy, S. (1987). Curriculum: product or praxis.
London: The Falmer Press.
. Four of the participating
been mvolved in writing articles for
Gunst<?ne, R. E, & Northfield, J. R. (1988). Illservice
and state science teacher association
educatIOn: Some constructivist perspectives and
(Hand, Lovejoy & Balaam, 1991; Vance &
examp!es. Paper pr~sented at the meeting of the
. Vance, Miller & Hand, 1993, 1995).
Amencan EducatIonal Research Association,
teal:hers have developed and participated
New Orleans.
programs to help other science
teaching/learning
. implement
Hand, B., & Treagust, D. E (1991). From teacher-ashrr,,,r"h.,c mformed by constructivism. They
tecl11li~ian to teacher-as-facilitator: a study of a
eted in a regional curriculum
profeSSIOnal
development initiative involving teaching
1'I1'l""l1i"" award, finishing second, in which
for c~llceptual change: Paper presented at the
their own teaching/learning
meetmg of the Amencan Educational Research
IroalChl~S and the changes they were making in
Association, Chicago.
science. This group of teachers had
ow~ersh.ip of their pedagogical changes,
Hand, B., & Tr~agust, D. F. (1993,July). Using
able to IdentIfy and elucidate their changing "metaphors to momtor teacher change to cOllstructivist
and were looking to expand the
teaching/learning approaches. Paper presented at
.
o.f these new teaching/learning
the 23rd annual conference of the Australasian
m theIr own classrooms and those of
Science Education Research Association Lismore
NSW.
'
,
colleagues in other schools.

R., & Mitchell, 1. J. (Eds.). (1986).
the quality of teaching and learning.
Monash University.

Hand, R, Lovejoy, c., & Balaam, G. (1991).
Teachers' reaction to a change to a constructivist
teaching/learning strategy. Australian Science
Teachers Journal, 37(1), 20-24.

36
37

Australian Journal of Teaciler Educatioll

Australian Journal of Teacher Education

Hewson, P. W., & Hewson, M. A. (1988). An
appropriate conception of teaching science: a
view from the studies of science learning. Science
Education,72 (5), 597-614.
Hewson, P. W., & Hewson, M. A. (1992). The
status of students' conceptions. In R. Duit, E
Goldberg, and H. Niedderer (Eds.), Research ill

physics learning: Theoretical issues alld empirical
studies. Proceedings of all intemational workshop.
University of Bremen, March 4-8,1991.

Michigan.
Simon, M. A. (1989, April). The impact of intensive

classroom follow-up ill a cOllstructivist mathematics
teacher evaluatioll program. Paper presented at the
meeting of the American Educational Research
Association, San Francisco. (As part of the
symposium, Components of Mathematics
Teacher Education from a Constructi
Perspective).
Simon, M. A. & Schifter, D. (1987).

Hewson, P. W. & Thorley, N. R. (1989). The
conditions of conceptual change in the classroom.
International Joumal of Science Educatioll, 11, 541553.

educatioll from a cOllstructivist perspective: The
educational leaders in mathematics project.

James, R. K, & Hall, G. E. (1981). A study of the
concerns of science teachers regarding the
implementation of ISCS. Joumal of Research in
Science Teaching, 18,479 - 487.

Spector,B. S. (1984). Qualitative research: data
analysis framework generating grounded
applicable to the crisis in science educa

Washington, D.C: National Science Foundation
(TEI-8552391).

Journal of Research ill Science Teaching, 21(5),
467.

Kraft, K A., & Bretmayer, B. J. (1989).
Triangulation in qualitative research: Issues of
conceptual clarity and purpose. In J. M. Morse
(Ed.), Qualitative nursillg research: A contemporary
dialoglle. Rockville: Aspen Publishers.

Stewart-Dore, N. (1988). Workshop "",'·i"i+io~.
Writing to think and learn science. In B
(Ed;), Peninsula region science seminar,
Queensland.

Lakoff, G., & Johnson, M. (1980). Metaphors we live
by. Chicago: University of Chicago Press.

Tobin, K (1990). Metaphor in the study
teachers' professional knowledge. Theory
Practice, 29 (2), 122-127.

Marshall, H. H. (1990). Beyond the workplace
metaphor: The classroom as a learning setting.
Theory into Practice, 29 (2),94-10l.
Marton, E, & Ramsden, P. (1988) What does it
take to improve learning? In P. Ramsden (Ed.),
Improving learning: New perspectives. London:
KoganPage.
Millar, R., & Driver, R. (1987). Beyond processes.
Studies'in Science Education, 14, 33-62.

The science
framework: P-l0 -- science for every studellt.
Ministry of Education. (1987).

Tobin, K (1993). Referents for making sense
science teaching. Intemational Joumal of S
Education, 15(3),241-254.
Vance, K, & Hand, B. (1991). Teaching p('(',loll'\l
using children's science. Lab Talk, 35(4),12-14.
Vance, K, Miller, K & Hand, B.(1993).
development of a unit on 'Buoyancy' using
children's science approach. Australian

Teachers Joumal,39(2), 63-70.

Melbourne; Materials Production, Ministry of
Education.

Vance, K, Miller, K & Hand, B.(1995).
examples of using constructivist
teach ecology at the middle school
Biology Teacher, 37 (4), 244-249.

Posner, G. J., Strike, K A., Hewson, P. W., &
Gerzog, W. A. (1982). Accommodation of a
scientIfic conception: Toward a theory of
conceptual change. Science Education, 66 (2),211227.

Watts, M., & Bentley, D. (1987). Constructivism
the classroom: Enabling conceptual change
words and deeds. British Educational

'Prawat, R. S. (1990). Changing schools by challging

teachers' beliefs about teaching and learnillg.
Elementary Subjects Center, Series No. 19. The
Center for the Learning and Teaching of
Elementary Subjects, Michigan State University,

38

PUBLIC SPEAKING FOR GRADUATE STUDENT TEACHERS IN THE
DIPLOMA OF EDUCATION.

Journal,13, 121-135.

D.M. Murison Travers,
La Trobe University,

te student teachers in the Diploma of
took part in a 10 hour elective on
!jIJ,,,U''''E> in groups, aimed at helping those who
apprehensive or shy to
..CllrerCOlme their fears. Confident speakers also
part, to provide modelling and assistance,
to learn ways of teaching oral communication
school. McCroskey's (1977) Verbal Activity
Scale (VAS) and Personal Report of
Communication Apprehension (PRCA) were
with a questionnaire evaluating the
pr()gr,amm (EvaIProg) to compare the reactions
more and less confident speakers to the
The less confident speakers claimed to
from the programme, which is outlined.
activities were preferred by confident
and others by less confident speakers,
the different ways each of the groups
themselves and their audience.
17r1'''(,~ltlaln

Te,lch,ers need to be able to speak to groups. The
of their ability to interact with
is detailed in a review of research by
... ""vaILUU (1992). Teachers need to help their
~tuClelllts to interact with others, too, since class
group work. In the one-year Diploma of
rI",""t';"n for graduates, a ten-hour, five-session
aimed to attract both confident and shy
,,,a."t:t,", the confident acting as models and also
the shy. In additiion, the exercises would
examples for their own teaching of
onltlClI~nt talk in the classroom.
were designed to help shy students
to create situations where others would help
Also important was motivational talk of the
"Everyone should help others to take part",
to understand how it feels to be shy; think of
you don't do well. For instance, at
was no good at singing", "You need to
everyone, whatever their efforts",
,pn' .."nh",. your aim is not only to do well, but
sure that others in your group do well,

The activities, including whole group work, two
teams groups, groups of three or four, pairs, and
individual speeches, took place in a large studio.
Eighteen student teachers took part.
DESCRIPTION OF THE PROGRAMME:
Session 1: Introductory exercises for being heard
and seen.
(a) With everyone seated in a circle, aims and
rules were introduced (100% attendance to pass;
applause after every event; everyone to be
included in every activity).
(b) The students were asked: 'Who is a confident
speaker? Who is quite confident? Who needs
more practice? Who is nervous?' The aim was for
shy speakers to see that others (about half the
group) felt the same.
(c) They then moved around the room to find a
partner, talk with them about their history,
interests, aims; take notes; and introduce them reading if that felt safer, but thinking only about
how the other felt, not about their own feelings
while talking - so that shy speakers would focus
away from themselves.
(d) Sitting in a circle, they took part in games
where each person spoke a few words, performed
simple actions, sat or stood, to get used to being
heard and seen by the whole group.
(e) The group ended with a discussion of group
behaviour, a theoretical base for understanding
their own behaviour and the ways groups
influence individual behaviour.
Session 2: How leaderless groups function.
From now on, direction of activities was handed
to the group. The leader called a roll, set up
activities for the session, gave directions for the
following week, and called for reflection at the
end (which sometimes did not happen if time ran
out- a mistake).
The group was divided in half, without appointed
leaders, with nine in each team.
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